the time of ovulation and therefore improve detection of the optimal time for mating (Antonov, 2016; Linde & Karlsson, 1984; Moxon, Copley, & England, 2010) .
It has been suggested to perform vaginal cytology every 2 to 3 days starting from the onset of pro-oestrus and then running progesterone assays every other day once vaginal epithelial cells reach ≥50% of superficial cells (Romagnoli, 2017) . Other authors suggested starting progesterone measurement when cornification of superficial cells has reached 70% (Goodman, 2001 ). Serum progesterone is usually 6.4 nmol/L (=2.0 ng/ml) on the day of LH surge and 12.0-31.8 nmol/L (=4-10 ng/ml) at the beginning of the ovulatory process (Linde & Karlsson, 1984; Olson, Husted, Allen, & Nett, 1984) .
However, several studies showed that the type of progesterone assay and the preanalytical handling of the serum may lead to different results depending on the method of measurement (Uhlmann, Weber, Kuechenmeister, & Muennich, 2016; Volkmann, 2006) .
Other authors claim that vaginal cytology also may be used alone for the detection of the fertile period of a bitch (Bouchard, Solorzano, Concannon, Youngquist, & Bierschwal, 1991; Holst & Phemister, 1975; Leigh, Raji, & Diakodue, 2013; Pérez, Rodríguez, Dorado, & Hidalgo, 2005; Post, 1985) . It has been shown that pregnancy rates increase when the time of mating is determined using vaginal cytology rather than mating bitches a certain number of days following the onset of pro-oestrus (England, 1992 ).
Many authors have described vaginal cytology as a rapid, inexpensive and reliable in-clinic method (Davidson, 2015; England, 1992; Post, 1985) . It is an assessment of vaginal epithelial cell morphology using specific criteria, such as size of the cell, changes in its shape, observation of keratin precursors in the cell and degeneration of the nucleus (Aydin, Sur, Tugba, & Dursun, 2011) to classify cells into groups, which allows oestrous cycle staging (Christie, Bailey, & Bell, 1972; Schutte, 1967a,b) .
During anoestrus, the vaginal epithelium of the bitch consists of only few cell layers, represented by parabasal and small intermediate cells (Post, 1985) . As oestradiol concentrations increase during pro-oestrus, the vaginal epithelium proliferates and differentiates (Post, 1985) and develops more than twenty cell layers presumably to provide protection to the mucosa during copulation (Goodman, 2001; Linde & Karlsson, 1984) . Hence, the epithelial cells present on a smear change from initially being mostly parabasal to small and large intermediate cells and then to large and keratinized cells by the end of pro-oestrus (Schutte, 1967a,b) . Large numbers of erythrocytes are also present in the majority of vaginal smears but commonly decrease as the bitch progresses towards oestrus (Schutte, 1967a,b) . With the onset of oestrus, defined by the bitch accepting to be mated by a male dog, the percentage of keratinized cells increases (Goodman, 2001; Linde & Karlsson, 1984) to reach a peak cornification around time of ovulation with varying percentages (10%-40%) of anuclear, squamous cells (Moxon et al., 2010; Olson et al., 1984) . At the beginning of dioestrus, the smear shows an influx of neutrophil granulocytes whilst the percentage of cornified cells decreases well below 50% within 24 hr (Holst & Phemister, 1975; Schutte, 1967a,b) . Different methods of collection, preparation and interpretation of vaginal smears have been described (Christie et al., 1972; Leigh et al., 2013; Schutte, 1967a,b) . Most authors claim that samples should be collected from the anterior vagina because cells from the clitoral fossa and/or caudal vagina are not as indicative of the stage of the cycle (Goodman, 2001 ). In addition, epithelial cells from the caudal part of the vagina may show changes due to increased oestrogen concentrations with some delay (Röttger, 2010) . Other authors, nevertheless, collected cells from the clitoral fossa and the caudal part of the vagina for vaginal cytology (Bell, Bailey, & Christie, 1973; Guyant, 1988) . Some authors recommend using a bivalve (Wehrend, 2010) or a cylindrical speculum (Bostedt, 2016; Bouchard et al., 1991) in order to avoid contamination of the cranial parts of the vagina. However, most authors inserted swabs for vaginal cytology in the context of clinical studies without any additional instruments (Antonov, 2016; Davidson, 2015; Fontbonne, Dutey, Maenhoudt, & Audierne, 2016; Pérez et al., 2005) . After collection of vaginal epithelial cells, the swabs are then usually rolled on a clean slide which is air-dried before staining (Pérez et al., 2005) .
Vaginal smears can be stained with conventional cytological stains such as Papanicolaou (Pérez et al., 2005) , Harris-Schorr stain, modified Wright-Giemsa stain such as Diff-Quick ® or Hemacolor ® , methylene blue or other staining methods (Antonov, 2016) . Vaginal smears may also be examined without staining, but evaluation of unstained slides is less accurate (Aydin et al., 2011) . The evaluation of the vaginal smears is usually performed using a light microscope at a magnification of 100× to 400× (Antonov, 2016) .
According to Goodman (2001) proper techniques for cell collec- Most questions could be answered by ticking a checkbox after choosing from preset answers (Tables 1 and 2 Vaginal smear interpretations as proposed by the author were based on history and clinical examinations and had been confirmed by serum progesterone assays.
The project was announced on the first day of the congress.
Congress delegates were asked to participate voluntarily at any time convenient for them and examine as many slides as they wished. The participants had the possibility to sit down at one of the two microscopes and evaluate one or more slides in random order. Vaginal cytology examination forms were available ( Figure 1 ) for documentation of the findings. After completing this task, the examination form could be thrown into a poll box.
| RE SULTS

| The survey
The survey on ovulation timing was opened for 73 days. In total, 63 Union (EU), 13 in the United States of America and 15 in other countries. Respondents from the EU came from Austria (n = 1), Belgium
France (n = 3), Germany (n = 4), Greece (n = 3), Hungary (n = 1), Italy (n = 4), Poland (n = 2), The Netherlands (n = 2), Slovenia (n = 1), Spain (n = 3) and Sweden (n = 4). The 15 participants from other countries were based in Argentina (n = 2), Australia (n = 1), Brazil (n = 4), Canada (n = 1), Pakistan (n = 1), Russia (n = 1), Serbia (n = 1), Taiwan (n = 2), Thailand (n = 1) and Turkey (n = 1).
Almost all 63 participants answered every question. One exception was the first question, "How many bitches do you see for ovulation timing per year?", which was only answered by 52 participants.
From the three predefined answers, 25 respondents chose the answer "up to 100", 12 chose "100-200" and 15 stated to see more than 200 bitches for ovulation timing per year.
The following questions regarding more details on how the respondents usually perform ovulation timing could be answered by choosing from the given answers "yes", "sometimes" and "no".
Most respondents indicated to perform vaginal cytology (n = 51)
by collecting vaginal epithelial cells using a wet swab (n = 30) and to use progesterone measurement (n = 61) in the context of ovulation timing (Table 1) . Many respondents stated to use vaginoscopy sometimes (n = 25). Finally, most respondents stated not to use ultrasound (n = 34) and LH measurement (n = 49) in the context of ovulation timing.
Samples for vaginal cytology were taken without any auxiliary means by 42 respondents, whereas 19 use a cylindrical speculum and two a bivalve vaginal speculum. The swabs used were wooden sticks with a cotton tip (n = 31), plastic sticks with cotton tips (n = 7)
or other. In total, 35 respondents gave further information about sterility of the swabs: 28 use sterile ones and seven use non-sterile ones.
Many respondents specified the type of staining they use for vaginal cytology. Most respondents used Diff-Quick (n = 31), followed by Harris-Schorr staining (n = 7), Giemsa (n = 6) Hemacolor (n = 5) and T15 (n = 2). Another eight people used different staining methods, whereas two participants interpreted vaginal smears without additional staining.
In total, 60 out of 63 respondents routinely performed progesterone measurement, and three did it sometimes. Assay systems used for progesterone measurement were quantitative (n = 62). One respondent used a rapid test system.
LH measurement was performed routinely by four respondents, and another 12 used this test sometimes. Out of these 16 respondents, 12 used rapid test systems, whereas three stated to use quantitative ones.
Most respondents regarded quantitative progesterone measurement alone as reliable or very reliable (n = 54) for ovulation timing ( When asked which tests should be included in a routine canine ovulation timing protocol, all respondents chose quantitative progesterone measurement. This was followed by vaginal cytology and inspection of the genitalia (Figure 2 ). Vaginoscopy, ultrasound and LH measurement were of less importance in that regard. No respondent considered rapid progesterone assay as being an essential part of routine canine ovulation timing.
| Vaginal cytology project
The results of the vaginal cytology project conducted during the were seen, respectively. Time to ovulation was estimated to be between 4 days before and 7 days after ovulation.
| D ISCUSS I ON
The long duration of oestrous behaviour and the poor relationship between behavioural characteristics and time of ovulation in the female dog often lead to difficulties in identifying the optimal mating time (Linde & Karlsson, 1984) . Mating bitches at an inappropriate time can lead to failure to conceive and even unfounded suspicion of fertility problems (Grundy, Feldman, & Davidson, 2002; Moxon et al., 2010) . In that regard, ovulation timing has been recommended to support breeding management and improve conception (Johnston, Kustritz, & Olson, 2001a,b; Moxon et al., 2010; Post, 1985) .
According to Goodman (2001) it is important to understand the benefits and limitations of each diagnostic tool. This may be especially true for vaginal cytology since its reliability has been discussed in the past but it is, nevertheless, widely used worldwide (Romagnoli, 2017) . Concerning the use of canine vaginal cytology, authors have emphasized that they observed marked variations in the cytological F I G U R E 7 Results of the assessment of a vaginal smear (slide 5) by 14 veterinarians F I G U R E 8 Results of the assessment of a vaginal smear (slide 6) by eight veterinarians changes in individual bitches (England, 1992; Schutte, 1967a,b) . In (Bouchard et al., 1991; Senior, 1979) , others state that it is unnecessary and that they can be collected from the caudal parts, as well (Schutte, 1967a,b) . Some authors recommend using a vaginal speculum (Bouchard et al., 1991) . Most respondents of our survey do not use a speculum which means that even when they take samples from the anterior vagina the swab may be contaminated by cells from the caudal part. However, it remains unclear whether or not the use of a speculum really improves the reliability of vaginal cytology.
Most respondents use Giemsa stain or its modifications Diff-
Quick and Hemacolor, which are easy to use. These staining methods require only 2-5 min and are available for the routine differentiation of blood cells in most laboratories (Guyant, 1988) . Some authors criticize that these stains provide only little information about specific cell characteristics (Wehrend, von Plato, & Goericke-Pesch, 2013 ).
Harris-Schorr staining technique enables a determination of the acidophilic keratin content of vaginal cells, which is caused by oestrogenic impregnation. Many veterinarians, however, do not prefer this staining, possibly because the procedure takes more than 15 min.
Attempts to reduce the staining time were described to be successful (Fontbonne et al., 2016) but were not implemented as routine procedures so far.
The classic multichromatic Papanicolaou stain involves five dyes in three solutions, which allows a detailed differentiation of cell types. This stain is not widely used in practice because of the high costs and time requirements. Modified commercial Papanicolaou rapid test systems require a shorter time but costs remain a factor (Wehrend et al., 2013) . In future studies, differences between staining protocols and how these may influence findings and their interpretation of ovulation timing should be investigated.
Interestingly, 50 out of 63 respondents use vaginal cytology routinely but only two consider it as a very reliable and another nine veterinarians as a somewhat reliable test if used alone. It is likely that many respondents use vaginal cytology to assess the time when to start additional testing by measurement of progesterone or luteinizing hormone rather than using cytology results alone for ovulation timing. In that regard, additional questions on how respondents use vaginal cytology results in case management and in context to progesterone measurement would have provided more information.
All respondents recommend using quantitative progesterone measurement for ovulation timing. It has been shown, however, that also progesterone measurement results may be prone to bias and distortion because of variability between measurement techniques (Uhlmann et al., 2016; Volkmann, 2006) . Our survey did not feature questions on when the veterinarians use to begin hormone analyses for ovulation timing and whether or not they continue to do vaginal cytology.
Other limitations of the survey are that we cannot estimate how many people were reached by Emails or announcements via the EVSSAR website, Twitter or Facebook. Therefore, we cannot calculate a response rate. In addition, the results may have been influenced by a selection bias to an unknown extent, meaning that possibly veterinarians very interested in vaginal cytology and ovulation timing may have been more likely to respond to the survey. However, the answers show that the distribution of the survey was international and most respondents are seeing many cases of ovulation timing per Limitations of this project may be that we do not know the level of expertise and experience of the participants. In addition, the total number of participants and reasons why some slides were assessed more often than others remain open. Some participants gave percentages that were less or more than 100% in total, when summed up. These results were not adjusted or corrected. Assessment of reproductive status in women is a much more standardized procedure incorporating quality control programmes that include internal and external monitoring systems (Moxon et al., 2010) . This seems to be mainly true because of a general better implementation of quality assurance systems in human medicine laboratories. In addition, cytological examinations of cervical smears of women focus mainly on cancer detection, which is indeed far more relevant than cycle staging in dogs. However, it has been shown that the quality of gynaecological cytological examinations can be improved by specific pre-determined screening procedures of slides (Baker, Melcher, & Smith, 1995; Tavares et al., 2011 ).
We did not provide corresponding progesterone concentrations for the slides. The author hypothesizes that providing progesterone concentrations would have biased the identification of cell types significantly. However, further research on this issue is necessary.
It has been stated that obtaining and interpreting vaginal cytology requires training and may cause discomfort for some vets not used to the techniques because they may feel insecure (Davidson, 2015) . Moxon et al. (2010) showed that vaginal cytology results and determination of oestrous cycle stage are variable and prone to mistakes. In a study, an experienced technician who repeatedly examined 16 vaginal cytology smears had a good intra-technician variation (r = 0.69 to 0.95); however, he determined the correct cycle stage in 19 out of 32 smears only (Moxon et al., 2010) . When sending selected smears to commercial laboratories, two out of four laboratories incorrectly identified dioestrous smears as pro-oestrus and one identified an oestrus smear as pro-oestrus (Moxon et al., 2010) . It has been suggested that it is advantageous to repeatedly take and interpret vaginal smears from the same bitch during her cycle (Bostedt, 2016 Results of both projects suggest that standard operating procedure for the examination of vaginal smears of dogs does not exist and that the interpretation of a single vaginal smear alone is unlikely to allow an exact determination of the fertile period in all bitches. The latter is in accordance with the opinion of many authors (Antonov, 2016; Davidson, 2015; Moxon et al., 2010) and the answers given in the survey. Possibly, it would be helpful to develop a standard operating procedure for taking samples, staining and interpretation of vaginal smears. As stated earlier, this should be based on so far not published data on potentially influencing factors, such as the collection site, the use of a speculum, the type of swab, the moistening of the swab and the stain. In addition, it should be tested if training, the use of a standardized assessment, and a determina- In future studies, it should be assessed how accurate the optimal time to begin progesterone measurement can be determined by vaginal cytology.
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